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In the endo thelium-denuded rabbit mesenteric artery, E-4701 relaxed the tissue pre-contracted by noradrenaline (IC50=40 fM) to a greater extent than that contracted by high K, but to a lesser extent than that contracted by acetylcholine (ACh) or high K in endothelium-denuded rabbit coronary artery (the IC50 was 20 nM or 60 nM, respectively).
Nitroglycerin showed much the same relaxing action on the above tissue (IC50 for the ACh or K-induced contraction was 20 nM or 65 nM, respec tively).
Relaxing actions of E-4701 or nitroglycerin were prevented by 10 ,aM methylene blue. In muscle cells of the porcine coronary artery, E-4701 or nitro glycerin inhibited the Ca-transient provoked by ACh, as examined using fura-2. Both drugs had no effect on the Ca-induced contraction in skinned muscle strips. ACh produced a transient hyperpolarization with subsequent depolarization, but in the endothelium-denuded tissues, ACh only depolarized the membrane. E 4701 inhibited the ACh-induced depolarization, but nitroglycerin did not. We concluded from our observations that E-4701 , has the typical characteristics of a nitrocompound with an inhibitory action on the agonist-induced membrane depolarization.
Nitro-compounds such as glycerol trini trate (nitroglycerin), isosorbide dinitrate, sodium nitroprusside, amyl nitrite and other agents produce vasodilation by actions of cyclic guanine monophosphate (cyclic GMP) synthesized through stimulations of cytosolic guanylate cyclase (1) (2) (3) (4) (5) . In vascular smooth muscle tissues, cyclic GMP accelerates the Ca pump (6) (7) (8) and reduces the amount of cytosolic Ca (intracellular free Ca), as meas ured using quin 2 or fura-2 (9, 10) with lesser effects on the accumulation of Ca in intracel lular storage sites (7, 8, 11, 12) . Cyclic GMP also partly inhibits the phosphorylation of myosin light chain through the formation of the Ca-calmodulin complex (13) .
Shoji and Ishihara (14) reported that a newly synthesized nitrocompound, 8-hy droxy-2-nitromethyl-7-nitro-1,4-benzodiox ane (m.w.: 272.17, E-4701) relaxed the por cine coronary artery contracted by pros taglandin F2a, in a concentration-dependent manner; and this action was equipotent with that of nitroglycerin. They further noted that E-4701 increased the amount of cyclic GMP with no change in the amount of cyclic AMP and that the actions of E-4701 were blocked by methylene blue.
The present experiments were done in an attempt to further investigate the actions of E-4701 on vascular tissues. For this purpose, we observed the electrical and mechanical responses of the rabbit mesenteric and coronary arteries and the Ca transients in dispersed smooth muscle cells of the porcine coronary artery. The action of E-4701 on vascular tissues were compared to the events seen with nitroglycerin.
Materials and Methods
Preparations: Male albino rabbits (2.0-2.2 kg) were given sodium pentobarbital (40 mg/ kg, i.v.) and exsanguinated. To prepare circu lar muscle strips of the coronary artery, the heart was rapidly removed and placed in a dissecting chamber filled with Krebs solution. Left and right anterior coronary branches were carefully excised, including the aortic wall and coronary ostia. These tissues were excised at a distance of 8-10 mm from the ostium (0.7-0.8 mm diameter). To record the me chanical activity, very thin circular strips (opened rings: 0.3-0.5 mm long, 0.05-0.08 mm wide and 0.02-0.03 mm thick) were pre pared under a binocular microscope. The parameters of these strips were then measured under an inverted microscope so as to calcu late the cross sectional area. To obtain circular mesenteric muscle strips (opened ring), the rabbit mesenteric vascular bed distributing to the ileal region was dissected in Krebs solu tion, in the same manner as described for the coronary artery. The strips (0.5-0.8 mm long, 0.05-0.08 mm width and 0.03 mm thick) were placed in the organ bath. To prepare the endothelium-denuded tissue, the endothe lium was mechanically removed carefully with small knives made from razor blades before recordings of the mechanical activities were made (15) . To record membrane poten tial, intact (presence of endothelium) longi tudinally cut strips (6-8 mm long and 1.5-2 mm width) of the rabbit coronary artery were prepared. In some cases, endothelium denuded tissues were used.
To measure the intracellular free Ca using fura-2, dispersed smooth muscle cells of the porcine coronary artery were used (16) . Fresh pig hearts were purchased from a local slaughter house and brought to the laboratory in fully oxygenated Krebs solution at room temperature within 20 min. Coronary arteries were carefully dissected under a binocular microscope.
Recording of mechanical activity: Me chanical activity of intact and skinned muscles was measured by attaching the circularly cut strip to a strain gauge (UL-2 type, Shinko Co., Tokyo, Japan) in a chamber of 0.6 ml capaci ty. The solution was changed by perfusing rapidly from one end and aspirating off simultaneously with a water pump from the other end (17) . To suppress sympathetic nerve activity, 3 W guanethidine and 0.3 ,uM tetrodotoxin (TTX) were present in the Krebs solution throughout the experiments. Neither agent alone had any effect on the mechanical response. All experiments were carried out at 25'C. The resting tension of the muscle strip was kept at about 0.5 mg (about 1.1 times the resting length) following complete relaxation.
To obtain the Ca-induced contraction, muscle strips were skinned using saponin (25 ,ug/ml) for 20 min in relaxing solution at 25 °C as described by Itoh et al. (17) . The effects of E-4701 were obtained after the amplitude of each contraction had reached a steady level.
Membrane potential measurements: The membrane potential of the rabbit coronary artery was measured using a glass capillary microelectrode filled with 3 M KCI. The resis tance of the microelectrode was measured by applying direct current (60-80 megohm). The microelectrode was inserted into muscle cells from the outer surface of the tissue through the surrounding connective tissues . The membrane potential was recorded on a recticorder (Nihon Kohden RJB-4024; Tokyo, Japan), and the rapid deflection of the potential shift with the same potential level for over 3 min was averaged as the mean resting membrane potential. The organ bath was superfused with Krebs solution at 33 35 °C, and the flow rate was 3 ml/min (18) .
Measurements of cytosolic free Ca using fura-2: Dispersed single smooth muscle cells were prepared from the porcine coronary artery by collagenase dispersion pro cedures as described previously (16) . Dis persed smooth muscle cells were loaded with 1 W fura-2 acetoxymethyl ester (fura-2/ AM) for 60 min at 33-35°C as was done with quin2 by Sumimoto and Kuriyama (16) ; i.e., under these conditions, the cytosolic concen tration of fura-2 was 50-100 /€M (basal level). After these procedures, cell viability assessed by the trypan blue exclusion test was over 90%. Fluorescence of fura-2 loaded cells was measured at 37 °C in a Hitachi 650-40 fluores cence spectrophotometer (Hitachi, Tokyo, Japan) with a thermostatically-equipped cell holder, using an excitation wavelength of 340 nm (slit 4 nm) and emission wavelength of 490 nm (10-nm slit). The cells were sus pended in 2 ml of N-2-hydroxyethylpipera zine N'-2-ethanesulphonic acid (H EPES) buffer solution at concentrations of 0.5 1 X106 cells/ml in a 1-cm square quartz cuvette, and the preparation was stirred continuously.
The concentration of intracellular free Ca (cytosolic), Cal, was calculated from the fol lowing equation: Ca,=Kd(F-FmIn)/(Finax F), where Kd, the effective dissociation con stant for Ca-fura-2 complex, is 224 nM (19) . Solutions: The ionic composition of the Krebs solution was as follows: 137.4 mM Na, 5.9 mM K, 1.2 mM Mg, 2.6 mM Ca, 15.5 mM HCO3, 1.2 mM H2PO4, 134.4 mM Cl and 11.4 mM glucose. The high K solution was prepared by replacing NaCI with KCI isosmo tically. The solution were bubbled with 97% 02 and 3% CO2, and the pH of the solution was adjusted with Tris to 7.4. In Ca-free solution, CaCl2 was replaced with MgC12 to keep the tonicity of the solution and 0.5 mM EGTA was added. In Na-free solution, NaCI and NaHCO3 were replaced with choline-Cl and the pH was adjusted by Tris; to prevent muscarinic receptor activations, 1 ,uM atropine was added to the solution in the experiments where noradrenaline (NA)-induced con traction were measured. In skinned muscle strips, the following relaxing solution was used: 114 mM K methansulfonate (KMs), 20 mM Tris maleate, 5.1 MM MgCl2, 5.2 mM adenosine 5'-triphosphate (ATP), 5 mM creatine phosphate and 4 mM EGTA. Various Ca concentrations were prepared by adding an appropriate amount of Ca (Ms)2 to 4 mM EGTA. The binding constant used in these experiments was as previously reported (17) .
The ionic composition of HEPES buffer solu tion for the dispersed muscle cells was as follows: 140 mM NaCI, 4 mM KCI, 1 mM CaC12, 1 MM MgC12, 1 mM K2HPO4, 10 MM glucose and 20 mM HEPES, and the pH was adjusted to 7.3.
Drugs: The chemicals used were 8 hydroxy-2-n itratomethyl -7 n itro -1,4 benzo dioxane (E-4701: Eisai Pharmaceutical Co., Tokyo, Japan), nitroglycerin (water-soluble type, Nihon Kayaku Pharmaceutical Co., Tokyo, Japan), acetylcholine chloride (ACh; Sigma Chem. Co., St. Louis, MO, U.S.A.), NA (Sigma), guanethidine-HCI (Tokyo Kasei Co., Tokyo, Japan), TTX (Sigma), saponin (ICN Pharmaceutical Co., Cleveland, OH, U.S.A.), atropine-sulfate (E. Merck, Darmstadt, F.R.G.), EGTA (Dozin Lab., Kumamoto, Japan), HEPES (Dozin Lab.), fura-2/AM (Dozin Lab.), methylene blue (Chroma-Gesellschaft, Stuttgart, F.R.G.), col lagenase (Type III; Worthington Biochem., Frechold, NJ, U.S.A.), trypsin inhibitor (Sigma, type 1 -S) and bovine serum albumin (Sigma, fraction V). All solutions were freshly prepared before each experiment, and the water used was glass-double distilled. All other chemicals were of the highest reagent grade available.
Statistics: The results were expressed as the mean+S.D. with number of observations (preparations or cells). Differences between means within each experiment were evaluated by analysis of variance. If significant differ ences were then demonstrated, Student's paired or unpaired t-test was used to deter mine which pairs of means were significantly different. A P value below 0.05 was con sidered significant.
Results
Effects of E-4701 or nitroglycerin on mechanical responses: In the rabbit endo thelium-denuded mesenteric artery, NA (above 50 nM) produced oscillatory con tractions superimposed on the tonic response, and high concentrations of K (above 23.6 mM) produced a transient phasic contraction and a following low amplitude of sustained tonic contraction. To observe the effects of E-4701 or nitroglycerin, each drug was applied 5 min before and during application (NA) in the endothelium denuded rabbit mesenteric artery (a) and those of E-4701 on the phasic and tonic contraction evoked by high K (b). The maxi mum amplitude of oscillatory contraction evoked by 10 pM NA (the mean value of 3 peak amplitudes was used, 18 mg) and phasic contraction evoked by 128 mM K (11 mg) were normalized as a relative tension of 1.0. Application procedures are described in tha taxt of NA (5 min). To prevent tachyphylaxis due to prior drug exposure from influencing sub sequent responses, 45-60 min recovery was allowed between successive applications of either E-4701 or nitroglycerin. Figure 1 shows the effects of E-4701 (1, 10 and 100 pM) or nitroglycerin (1 pM) on the NA-induced con traction (a) and those of E-4701 on phasic and tonic contractions of the K-induced con traction (b). The mean amplitude of the NA induced contraction was obtained from the largest 3 peaks of the oscillatory contractions. E-4701 or nitroglycerin (above 1 ,iM) con centration -dependently inhibited the NA induced contraction, but at the concentration of 100 pM, neither drug blocked the con traction (Fig. 1 a) . The IC50 value for E-4701 on the phasic oscillatory component of the NA-induced contraction was 40 ppM (n=5). E-4701 (above 10 pM) inhibited both the phasic and tonic K-induced contractions, but the action was much weaker (the IC50 could not be calculated as shown in Fig. 1 b) . Figure 2 shows the effects of E-4701 or nitroglycerin (1 nM-10 ,aM) on the contrac tion evoked by acetylcholine (ACh) on the endothelium-denuded rabbit coronary artery. Because NA (10 pM) produced only a con traction of small amplitude, ACh was applied to provoke the contraction. ACh (10 pM) produced an oscillatory contraction in the rabbit coronary artery in a similar manner to that observed with NA in the mesenteric artery. On the first application, ACh (10 pM) produced an oscillatory contraction of the rabbit coronary artery. However, the second application of 10 ppM ACh made 45 min later did not produce oscillatory contractions. Therefore, the contraction evoked by the second application of ACh (20 min interval) was normalized as a relative tension of 1.0, and each concentration of E-4701 or nitro glycerin was applied only once 5 min before and during the third application of ACh only once to each muscle strip and the findings compared with the control. Both E-4701 and nitroglycerin in concentrations above 1 nM inhibited the amplitude of tonic contraction in a concentration-dependent manner; and with 10 /tM, both drugs abolished the con traction evoked by 10 pM ACh (the phasic contraction, 13 mg was normalized as a relative tension of 1.0; the IC50 values for both relaxants were 20 nM, n=5).
Effects of E-4701 or nitroglycerin on the K induced contraction (128 mM) on the endo thelium-denuded rabbit coronary artery were also investigated. The actions of both E-4701 or nitroglycerin on the phasic and tonic K induced contraction were weaker than those observed on the ACh-induced contraction (the IC50 value for E-4701 in the phasic K induced contraction was 60 nM and that for nitroglycerin was 65 nM; n=5).
Effects of E-4701 or nitroglycerin on the NA or ACh-induced contraction in Ca-free or Na-free solution: I n the rabbit mesenteric or coronary artery, NA or ACh induces the In concentrations above 0.1 uM, the statistical significance was not given.
synthesis of inositol-1,4,5-trisphosphate (InsP3), respectively, and the synthesized InsP3 releases
Ca from the sarcoplasmic reticulum in the presence or absence of ex tracellular Ca (6, 11, (20) (21) (22) (23) . The effects of E-4701 or nitroglycerin on the rabbit endo thelium-denuded mesenteric artery were in vestigated with regard to the contraction evoked by NA in Ca-free solution (Fig. 3) . NA (0.3 ,cM) produced a monophasic contraction when applied 3 min after the application of Ca-free solution, with a slight reduction in the peak amplitude compared to that in the con trol solution.
When E-4701 (10 ,uM) or nitroglycerin (10 10A) was applied with Ca free solution, the amplitude of the NA induced contraction (0.3 /iM) was slightly inhibited by both drugs (Fig. 3, a-2 and a-3) . When 10 uM E-4701 was applied before the application of Ca-free solution, the amplitude of the NA-induced contraction was also inhib ited to the same extent as that observed by simultaneous applications of 10 uM E-4701 and Ca-free solution (Fig. 3, a-4) . When endothelium-denuded muscle strips prepared from the rabbit mesenteric or coronary arteries were superfused with Na free solution, the tissue gradually developed tension and required 60-90 min to reach a steady level. Removal of Ca from the Na-free solution promptly relaxed the tissue. With repetitive applications of 10 /tM NA (mesen teric artery) or ACh (coronary artery) at intervals of every 5 min, the amplitude of con traction were gradually reduced in Ca and Na-free solution (Fig. 4, a-1 in the mesenteric artery). When the effects of E-4701 or nitro glycerin on the NA-induced contraction in the mesenteric artery were observed following superfusion of Na and Ca-free solution using the above described procedures, both re laxants accelerated the reduction in amplitude of the NA-induced contraction (Fig. 4, a-2  and a-3 ). There was no statistical significance regarding the inhibitory actions of E-4701 and nitroglycerin on these contractions (Fig. 4, b) .
Effects of methylene blue on the E-4701 or nitroglycerin-induced relaxation: Figure 5a and b show the effects of 10 ,aM methylene blue on the NA-induced contraction of the endothelium-denuded rabbit mesenteric artery. Methylene blue (10 ,uM) itself did not modify the resting tension in this tissue. When 10 pM methylene blue was applied before ap b: Effects of both relaxants on the NA-induced contraction (10 and 0.3 pM). The experimental procedures were the same as for a-2 and a-3. The maximum amplitude of contraction evoked by 10 pM NA in Ca-free solution was normalized. *P<0.05 and **P<0.01, were obtained in com parison to those of the control (10 pM and 0.3 uM NA, respectively).
No significant difference was observed between nitroglycerin and E-4701. plication of 10 /iM E-4701 or 10 ,uM nitro glycerin, the relaxation of pre-contracted tis sues induced by both drugs was partly pre vented. In Fig. 5b , the effects of E-4701 or nitroglycerin (1, 10 and 100 1aM) on tissues pre-contracted by 10 /iM NA were observed in the presence or absence of 10 ,uM methy lene blue. Methylene blue (10 ,uM) prevented the relaxing action of both E-4701 and nitro glycerin to the same extent.
Much the same inhibitory effects of 10 pM methylene blue on the relaxation induced by E-4701 (100 nM) or nitroglycerin (1 W) were observed on the ACh-induced contrac tion of the endothelium-denuded rabbit coronary artery (not shown).
Effects of E-4701 on the Ca-induced con traction in skinned muscle strips: I n endo thelium-denuded rabbit mesenteric and coronary arteries, 128 mM K produced the maximum amplitude of contraction, although this contraction was smaller than that evoked by 10 pM Ca in skinned muscle strips pre pared by saponin (12, 15, 17) . Ca produced the contractions of the skinned muscle prep arations over the concentration range 0.1-10 ,uM. To observe the effects of E-4701 on the Ca-induced contraction, various concentra contraction in Ca and Na-free solution in the endothelium-denuded rabbit mesenteric artery. After the tissue had been perfused with Na-free solution for over 60 min, Ca vvas removed from the Na-free solution.
noradrenaline (NA, 10 ,uM) was then repetitively applied in Ca and Na-free solution at 5 min intervals (a-1). Either 10 pM nitroglycerin or E-4701 was added to the Na and Ca-free solution (a-2 and a-3).
b: Reductions in the amplitude of the Na-induced contraction in the presence or absence of the relaxant were plotted. The amplitude of the first application of NA in Na and Ca-free solution in the presence or absence of relaxants was normalized as 1.0 (vertical axis), and the horizontal axis indicates the number of applications of NA. * and ** are the same as indicated in Fig . 3. tions of Ca were cumulatively applied (0.3 /tM-10 ppM). When the contraction had reached a steady level with a given concen tration of Ca, 10 ,uM E-4701 or 10 uM nitro glycerin was applied for 2-3 min. These drugs had no apparent effects on the amplitude of contraction evoked by any given concen tration of Ca (not shown).
Effects of E-4701 or nitroglycerin on the Ca-transient in dispersed smooth muscle cells measured using Fura-2: As it was difficult to collect a sufficient number of dispersed smo oth muscle cells from the rabbit coronary artery, dispersed smooth muscle cells from the porcine coronary arteries were used. E 4701 is a colored substance, and estimation of the accurate intensity of the Ca transient using the fura-2 fluorescence method is not feasible. Therefore, E-4701 was applied before the application of ACh, and the effects of E 4701 were compared with those observed with nitroglycerin using the same protocol.
When 10 ,uM ACh was applied to the fura 2 treated dispersed smooth muscle cells, a Ca transient developed (control: 125±12 nM, and after ACh: 420±78 nM, n=1 6). Decay of the Ca transient was rapid but reached equilibrium just above the basal level within 1 min, during the application of ACh (Fig. 6a) . When 10 pM E-4701 was applied 3 min before the application of 10 ,uM ACh, the peak Ca transient was reduced to 280±15 nM (70.8±8.5% of the control, n=12; Fig. 6b ). Using the same procedure, we found that nitroglycerin reduced the Ca concentration to 287±11 nM (72.5±10.7%, n=10; Fig. 6c ). When nitroglycerin was applied in the pre sence of ACh, the Ca transient was reduced to the besal level (Fig. 6b) . Methylene blue and hemoglobin are known to block the synthesis of cyclic GMP induced by nitro-compounds. However, since both substance were colored, we failed to observe the effects of these sub stances on the E-4701 or nitroglycerin induced reduction of the Ca transient.
Effects of E-4701 on the membrane poten tial of smooth muscle cells of the rabbit coronary artery: Nitroglycerin (10 flM) has previously been shown to have no effect on the resting membrane potential in the intact coronary and mesenteric arteries from pigs, dogs and guinea pigs (24, 25) . In the intact rabbit coronary artery, the resting membrane potential of the smooth muscles was -60.2± 3.5 mV, n=65; and 10-15 min after applica tion of 10 t M E-4701, it was -60.0±2.0 mV (n=28). Figure 7 shows the effects of E-4701 on the ACh-induced membrane potential change in intact rabbit coronary artery. With application of 10 t M ACh, the membrane was transiently hyperpolarized (4.5 mV, n=8) and then subsequently depolarized (the peak depolarization from the resting level, 11 .5 mV, n=8). In most of the smooth muscle cells of the rabbit coronary artery tested, the depolari zation triggered spike generation (Fig. 7 Aa) . When 10 flM E-4701 was administrated for 10 min before the ACh, the ACh-induced depolarization was slightly inhibited (7.5 mV, n=7, P<0.05), and the number of spike generations was decreased, while the hyper polarization was not affected (Fig. 7 Ab) . In some smooth muscle cells of the rabbit coronary artery, the ACh-induced hyper polarization and the subsequently generated depolarization occurred with no spike genera tion. E-4701 (10 ,uM) inhibited the depolar ization without any effect on the hyper polarization ( Fig. 7 Ba and c) . On the other hand, E-4701 had no effect on the K-induced depolarization in the presence or absence of the endothelium in smooth muscle tissues at any given concentration (an example is shown on the depolarization of smooth muscle cells in the endothelium-denuded tissues induced by 29.4 mM K in Fig. 7 C: 21 In smooth muscle cells of the endothelium denuded rabbit coronary artery, ACh caused a greater depolarization (11-18 mV, a mean vlaue of 15.2 mV, n=1 5) than that observed in those of intact tissues (6-13 mV, a mean value of 11.5 mV) with no hyperpolarization of the membrane. E-4701 (10 aM) inhibited the depolarization to the same extent (4.3 mV, and depolarized to 11.2 mV from the resting level, n=10) seen in smooth muscle cells of the intact tissue.
Discussion
In both the rabbit mesenteric and coronary arteries, either NA or ACh produced oscil latory contractions. These contractions are thought to be generated by activations of the Ca-induced Ca release mechanism operative in the sarcoplasmic reticulum (26) . The frequency of oscillatory contractions was much lower than that of repetitive spike discharges occurring during the depolariza tion induced by NA, and repetitive or burst spike discharges did not persist for over 10 min during the appearance of the ACh or NA-induced oscillatory contractions. Further more, nicardipine, a dihydropyridine deriva tive, blocked spike generations but attenuated the amplitude rather than the frequency of the oscillatory contractions (12) . Low con centrations of E-4701 or nitroglycerin inhib ited the amplitude of contraction to a greater extent than the frequency of oscillatory con traction; and in high concentrations, both drugs inhibited both these events. Therefore, these drugs may accelerate the Ca pump at the sarcolemma via cyclic GMP, as estimated from the actions of nitroglycerin, rather than the inhibition of release of Ca from cellular storage sites (5) (6) (7) (8) 12 ).
E-4701 or nitroglycerin-induced relaxa tion of pre-contracted tissue was prevented by methylene blue, thereby indicating that in creases in the amount of cyclic GMP , via activations of cytosolic guanylate cyclase , may play a role (2, 4). Shoji and Ishida (14) reported that E-4701 increases the amount of cyclic GMP in the porcine coronary artery and that this action was prevented by methy lene blue. In the present experiments, the free Ca increased by ACh in the cytosol was re duced by application of either E-4701 or nitroglycerin. Both drugs relaxed the pre contracted tissue evoked in the Krebs solution to a greater extent than that evoked in Ca free solution or Ca and Na-free solution . The gradual reduction in the amplitudes of the contraction following repetitive applications of NA in Ca and Na-free solution after prolonged application of Na-free solution containing Ca was thought to be due to the acceleration of Ca extrusion, with no effect on intracellular Ca mobilization (26) . Nitro glycerin (17) , as well as E-4701 observed in the present experiments, accelerated the reduction in amplitudes of repetitively gener ated NA-induced contractions due to ac celerations of the Ca extrusion in Na and Ca-free solution by an increase in the amount of cyclic GMP.
The maximum amplitude of contraction evoked by NA (10 itM) in the rabbit mesen teric artery was much smaller than that of the K-induced contraction (128 mM K), but the maximum amplitude contraction induced by ACh in the rabbit coronary artery showed almost the same amplitude as that of the K induced contraction. In the mesenteric artery, the amplitude of contraction evoked by 128 mM K showed much the same amplitude as that evoked by 1 ,aM Ca in skinned muscle tissues, but in the coronary artery, the K induced maximum contraction was only half of the 1 ,uM Ca-induced contraction. Thus, distributions and densities of agonist recep tors and ion channels may differ in various tissues; and therefore, heterogenicities in response to agonists and high K may occur. As the effects of E-4701 and nitroglycerin estimated from the IC50 markedly differed (103 times) between mesenteric and coronary arteries in the same species, the intracellular Ca regulating mechanisms may also differ with the region of the vascular bed even in the same species.
In strips of intact rabbit coronary artery, ACh produced an initial hyperpolarization and a subsequent depolarization. This hyper polarization ceased, but the depolarization persisted in strips from which the endothelium had been mechanically removed. ACh may release both the endothelium-derived relaxing and hyperpolarizing factors by activation of muscarinic M2 and M1-receptor subtypes distributed on the endothelium, respectively (27-29). In the endothelium-denuded rabbit coronary artery, E-4701 (10 fM) inhibited the depolarization induced by direct muscle stimulation of ACh, yet it had no effect on the hyperpolarization induced by the release of the endothelium-dependent hyperpolarizing factor (29, 30) and the depolarization pro voked by high K.
InsP3 synthesized by NA in the mesenteric artery and by ACh in the coronary artery pro duced a contraction due to an increase in the free Ca released from cellular stores (20) (21) (22) (23) 31) , and Ca influxes by activations of re ceptor operated Ca channels or/with the subsequently activated voltage dependent Ca channels by depolarization of the mem brane due to activations of receptor operated nonselective cation channels (32) (33) (34) . On the other hand, high K activated the voltage dependent Ca channel. E-4701 inhibited the ACh-induced depolarization but not the K induced depolarization. The inhibitory action of E-4701 or nitroglycerin on the agonist receptor in vascular smooth muscle cells may not be completely ruled out. These events may partly be involved in the different actions of E-4701 on contractions induced by high K or ACh (NA).
In conclusion, both E-4701 and nitro glycerin relaxed the tissues precontracted by NA or ACh to the same extent, and both drugs inhibited the agonist-induced contraction to a greater extent than the K-induced contrac tion. Both E-4701 and nitroglycerin relaxed the pre-contracted tissue in the coronary artery to a greater extent (about 103 times) than that seen with the mesenteric artery. The actions of E-4701 were inhibited by methy lene blue. E-4701 had no effect on the hyper polarization induced by activations of the endothelium.
E-4701 had no direct effect on the contractile proteins, as estimated from the Ca-induced contraction in skinned muscle tissues.
Both E-4701 and nitroglycerin showed much the same relaxing potency on pre contracted tissues in the rabbit mesenteric and coronary arteries, and only minor dif ferences were observed from the actions of both drugs on the ACh-induced depolariza tion. As E-4701 is water soluble and a light resistant substrate, the differences may prove pertinent for clinical trials.
